Introduction
Recent guidelines for cardiovascular disease (CVD) prevention tend to focus heavily on lifestyle modifications (i.e., healthy diet, smoking cessation, physical activity, healthy weight) due to their relatively low-cost and longterm potential effects (1, 2) . Adherence to Mediterranean diet is an established as protective factor against CVD risk (3) (4) (5) (6) ; however, the spectrum of the mechanisms through which this protection is offered has not been completely clarified (7) . It has been suggested that adherence to Mediterranean diet has a regulating effect on CVD risk factors (i.e., arterial blood pressure, cholesterol levels, insulin resistance, endothelial function and inflammation), although all these effects are linked to an apparent synergy of the entire dietary pattern, rather than being the result of any of its components separately (8, 9) , implying that the Mediterranean dietary pattern should be considered as an entity with respect to disease prevention (10, 11) . Moreover, recently UNESCO described Mediterranean diet as intangible heritage and the definition was not restricted to the nutritional aspects of food and food group consumption, but was extended to include lifestyle parameters such as "eating together", "sharing food", "socializing", "affirming and renewing family, groups and community identity" and being involved to food production and cooking (12) .
Under the same rationale, the pictorial model: the Mediterranean diet pyramid has been updated to include incorporated social and other lifestyle aspects (i.e., adequate rest, conviviality, culinary activities, food sharing etc.) in addition to the dietary habits, suggesting that the overall lifestyle could have protective effects that are not only linked to specific nutrients and food groups, but also to psychological, social and physical behaviors that are present in Mediterranean lifestyle (13). For instance, habits such as daytime nap (siesta), going out with friends, living in a rural region, shared family meals and living with others constitute the Mediterranean lifestyle and are believed to have beneficial health effects; nevertheless, the exact mechanisms have not been investigated in-depth (14) (15) (16) .
Furthermore, despite all the research studies that evaluated the effect of Mediterranean Diet on CVD risk, no attempt has been made to explore the Mediterranean lifestyle as a composite of dietary, social and demographic parameters that are usually present in Mediterranean populations. Thus, the aim of the present study was to investigate the broad spectrum of the links between Mediterranean lifestyle and CVD risk factors, among elderly who reside in the Mediterranean basin.
Methods

Methodology
The Mediterranean islands (MEDIS) study is an ongoing, large-scale, multinational project in the Mediterranean region, supported by the Harokopio University and the Hellenic Heart Foundation, which aims to explore the association between lifestyle habits, psycho-social characteristics and living environment, on cardio-metabolic factors, among older people (>65 years), residing in the Mediterranean basin.
The MEDIS Study's sample
During 2005-2015, a population-based, multi-stage convenience sampling method was used to voluntarily enroll elders from the 21 MEDIS: Republic of Malta (n=250), Sardinia (n=60) and Sicily (n=50) in Italy, Mallorca and Menorca (n=111), Republic of Cyprus (n=300) and the Greek islands of Mitilini (n=142), Samothraki (n=100), Cephalonia (n=115), Crete (n=131), Corfu (n=149), Limnos (n=150), Ikaria (n=76), Syros (n=151), Naxos (n=145), Zakynthos (n=103), Salamina (n=147), Kassos (n=52), Rhodes and Karpathos (n=149), Tinos (n=129), as well as the rural region of east Mani (n=295, 157 men aged 75±7 years and 138 women aged 74±7 years) (a Greek peninsula, which is the southeast, continental area of Europe, with a total population of 13,005 people (census 2011), has morphological and cultural specificities, which are not come across in the rest of Greece. It is an infertile and rocky peninsula, of which the linkage to ancient Sparta bequeaths to its residents -mainly self-employed fishermen and farmers, living in small villages, and keeping on a lot of their activities) the traditional way of living of the past. Their nutrition is austere and frugal, based on the products of their land with the olive oil gaining an eminent position) (https://en.wikipedia.org/wiki/Mani_Peninsula), were included. According to the design of the study, individuals who resided in assisted-living centers, had a clinical history of CVD or cancer, or had left the island for a considerable period of time during their life (i.e., >5 years) were not included in the study; these exclusion criteria were applied because the study aimed to assess lifestyle patterns that were not subject to modifications due to existing chronic health care conditions or by environmental factors, other than living milieu. A group of health scientists (physicians, dietitians, public health nutritionists and nurses) with experience in field investigation collected all the required information using a quantitative questionnaire and standard procedures. Thus, for the present work information from 1,369 men, aged 75±8 years and 1,380 women, aged 74±7 years was analyzed; stratified into two main groups, i.e. people from the continental region of Mani, and the rest of MEDIS' study participants.
Bioethics
The study followed the ethical considerations provided by the World Medical Association (52 nd WMA General Assembly, Edinburgh, Scotland; October 2000). The Institutional Ethics Board of Harokopio University approved the study design (16/19-12-2006) . Participants were informed about the aims and procedures of the study and gave their consent prior to being interviewed.
Evaluation of clinical characteristics
All of the measurements taken in the different study centers were standardized and the questionnaires were translated into all of the cohorts' languages following the World Health Organization (WHO) translation guidelines for tools assessment (www.who.int/substance_abuse/research_ tools/translation/en/). Weight and height were measured using standard procedures to attain body mass index (BMI) scores (kg/m 2 ).
Diabetes mellitus (type 2) was determined by fasting plasma glucose tests and was analyzed in accordance with the American Diabetes Association diagnostic criteria (glycated haemoglobin A1C >6.5% (48 mmol/mol) or fasting blood glucose levels greater than 126 mg/dL (7.0 mmol/L) or 2-h plasma glucose >200 mg/dL (>11.1 mmol/L) during an oral glucose tolerance test-OGTT-or a random plasma glucose >200 mg/dL (>11.1 mmol/L) or they have been already diagnosed with diabetes). Participants who had blood pressure levels >140/90 mmHg or used antihypertensive medications were classified as hypertensive. Fasting blood lipids levels (HDL-, LDL-cholesterol and triglycerides) were also recorded and hypercholesterolemia was defined as total serum cholesterol levels >200 mg/dL or the use of lipid-lowering agents according to the NCEP ATP III guidelines (17) . The coefficient of variation for the blood measurements was less than 5%.
Evaluation of lifestyle and socio-demographic characteristics
Dietary habits were assessed through a semi-quantitative, validated and reproducible food-frequency questionnaire (18) . Through this questionnaire, trained dietitians estimated the mean daily energy intake and the mean percentage of carbohydrates contribution in the total energy intake. To evaluate the level of adherence to the Mediterranean diet, the MedDietScore (possible range 0−55) was used (19) .
Higher values for this diet score indicate greater adherence to the Mediterranean diet. Participants were encouraged to report on the history of their diet (i.e. number of years this dietary pattern had been in place). Basic socio-demographic characteristics such as age, sex, number of friends and family members, frequency of going out with friends and/ or family per week, numbers of holiday excursions per year, living alone or with family, education level (described with school years), residing in rural or urban area, as well as lifestyle characteristics, such as smoking habits and physical activity status, data on frequency of sleeping during the day (siesta) where having a siesta (daytime nap) for more than five days per week (20) , were also recorded. More particularly, current smokers were defined as smokers at the time of the interview. Former smokers were defined as those who previously smoked, but had not done so for a year or more. Current and former smokers were defined as ever smokers. The remaining participants were defined as occasional or non-smokers. Physical activity was evaluated in MET-minutes per week, using the shortened, translated and validated into Greek, version of the self-reported International Physical Activity Questionnaire (IPAQ) (21) . Frequency (times per week), duration (minutes per session) and intensity of physical activity during sports, occupation and/or leisure activities were assessed. Participants were instructed to report only episodes of activity lasting at least 10 minutes, since this is the minimum required to achieve health benefits. Physically active were defined those who reported at least 3 MET-minutes. Symptoms of depression during the past month were assessed using the validated Greek translation of the shortened, self-report geriatric depression scale (GDS) (22) (23) (24) Further details about the MEDIS study protocol have been extensively been published elsewhere (25, 26) .
Statistical analysis
Continuous variables are expressed as mean ± standard deviation for variables following normal distribution or median (inter-quartile range) for variables not following normal distribution. Normality was tested using P-P plots. Differences in continuous variables between males and females were evaluated with the Student's t-test for normally distributed parameters and the Mann-Whitney test for non-parametric variables. Nominal variables are presented as frequencies and relative frequencies (%). Pearson's chisquare test was used to assess the association between two nominal variables.
Binary logistic regression models were used to evaluate the association between participants' characteristics (i.e., age, sex, BMI, physical inactivity, smoking habits, siesta habit, educational status, living alone, level of adherence to Mediterranean diet, GDS, number of friends and family members, frequency of going out with friends and family, number of holiday excursions per year) and presence of type 2 diabetes mellitus, hypertension and hypercholesterolemia. Results are expressed as odds ratios (OR) and 95% confidence intervals (CI). All statistical tests were performed for 2-tailed hypotheses. Type I error was predefined at 0.05. Statistical analysis was performed in IBM SPSS version 23.0 (Armonk, NY: IBM Corp.).
Results
The overall prevalence of the traditional CVD risk factors in the study sample were 62.3% for hypertension, 22.3% for diabetes mellitus and 47.7% for hypercholesterolemia. One out of five participants was found to have no abnormal CVD risk factors, 37.1% had only one, 32.2% had two co-existing CVD risk factors and 10% had all the above CVD risk factors. Moreover, 35.2% of the study sample was habitual smokers at least once in their lives, whilst approximately 15.6% were current smokers. The mean level of adherence to Mediterranean diet-as assessed through the MedDietScore-was 33±5 out of 55 maximum score, When multivariable binary logistic model was implemented with the presence of type 2 diabetes mellitus as the dependent variable, residing in an urban rather than a rural region was an independent positive predictor for the presence of type 2 diabetes mellitus OR =2.57, 95% CI: 1.10-6.06) after adjusting for gender, age, smoking status, education level, physical inactivity, level of adherence to Mediterranean diet, BMI, depressive symptomatology and social parameters (i.e., living alone, midday sleep (siesta), number of friends and family members, frequency of going out with family or friends, number of holiday excursions per year) ( Table 2 , Model 1). Furthermore, the estimated score in GDS was also an independent positive predictor for the presence of type 2 diabetes mellitus (OR =1.13, 95% CI: 1.02-1.25) after adjusting for gender, age, smoking status, education level, physical inactivity, level of adherence to Mediterranean diet, BMI, residential region and social parameters (i.e., living alone, midday nap (siesta), number of friends and family members, frequency of going out with family or friends, number of holiday excursions per year) ( Table 2 , Model 1).
Furthermore, when multivariable binary logistic model was performed for the presence of hypertension, increasing age was an independent positive predictor (OR =1.07, 95% CI: 1.02-1.12) after adjusting for gender, smoking status, residential area, education level, physical inactivity, level of adherence to Mediterranean diet, BMI, depressive symptomatology and social parameters (i.e., living alone, midday sleep (siesta), number of friends and family members, frequency of going out with family or friends, number of holiday excursions per year) ( Table 2 , Model 2).
In the same multi-adjusted model, other significant positive predictors of the presence of hypertension were increasing BMI (OR =1.12, 95% CI: 1.04-1.21), the habit of midday nap (OR =2.07, 95% CI: 1.07-4.02), whilst the frequency of going out with friends was significantly associated with less odds of hypertension presence (OR =0.767, 95% CI: 0.616-0.955) ( Table 2 , Model 2).
On implementing a multivariable binary logistic model with the presence of hypercholesterolemia as the dependent variable, the estimated score in GDS was the only independent positive predictor for the presence of hypercholesterolemia (OR =1.10, 95% CI: 1.01-1.21) after adjusting for gender, age, smoking status, education level, physical inactivity, level of adherence to Mediterranean diet, BMI, residential region and social parameters (i.e., living alone, midday sleep (siesta), number of friends and family members, frequency of going out with family or friends, number of holiday excursions per year) ( Table 2 , Model 3).
Discussion
In the present study the data is supports the theory that the health effects of the Mediterranean lifestyle extend beyond those provided by the Mediterranean diet. These include the benefits of frequent socializing with friends, which was inversely associated with the presence of hypertension, whilst frequent daytime sleeping called siesta was positively associated with hypertension presence in elderly, after adjusting for several confounders. Furthermore, the present study suggested that urban residential environment is associated with higher odds of type 2 diabetes mellitus in elderly population, with, depressive symptomatology in the elderly being a robust independent predictor for type 2 diabetes mellitus and hypercholesterolemia, but not for hypertension. This was the first study to investigate a broad range of lifestyle parameters and their role in CVD prevention and suggested that Mediterranean lifestyle -as a holistic entity-should be further examined as an independent predictor of CVD-risk among elderly, especially when in combination with Mediterranean diet. As regards to the role of social life on CVD risk factors, the present study revealed that frequent socializing with friends was inversely associated with the presence of hypertension in elderly, although, no association between social life and other CVD risk factors was revealed. This is in accordance with prospective studies among elderly in Latin America, India and China where restricted networks were linked to significantly reduced survival time (27) . These findings could be mainly attributed to the outcome of spending time with beloved people, which is thought to reduce psychological stress (28) . The latter leads to the regulation of gonadal hormones and thus, reduced arterial stiffness and lower blood pressure (29) . These findings are in accordance with a large prospective study, where 1-unit increase in the total average of negative social interaction score was associated with a 38% increased odds of developing hypertension within 4 years. This association was attributable primarily to interactions with friends, but also to negative interactions with family and partners (30) .
Another important finding of the present work was that urban residents were almost twice as likely to have type 2 diabetes, independently of their physical activity status, as compared to rural residents. A potential explanation is that elderly individuals tend to use the public open spaces more than any other adult group. Thus, leisure time physical activity can be quite restricted for those living in urban regions, whilst elderly residents in rural areas may tend to have easier access to public open spaces. This leisure time activity could efficiently increase insulin sensitivity and glucose uptake and thus, reduce the risk of developing type 2 diabetes (31). Unexpectedly, adherence to Mediterranean diet was not associated with the presence of type 2 diabetes in the present study, but this could be explained by the consistent high average level of adherence to Mediterranean diet in the study sample.
Depressive symptomatology was positively associated with presence of type 2 diabetes in the present work, which is in accordance with a recently published prospective study suggesting that depression is strongly related to increased type 2 diabetes risk in later life (32) . The most dominant explanation for this association is that depression is associated with disruption of hypothalamic-pituitaryadrenal (HPA)-axis, which increases blood concentrations of cortisol, leading to insulin resistance. Insulin resistance promotes the development of hypertriglyceridemia and subsequent hypercholesterolemia, suggesting that depression is one of the most aggravating factors for CVD onset in elderly (33) . Conflicting evidence has been published regarding siesta and its role in CVD risk, with advocates suggesting that daytime sleeping promotes wellbeing, but opponents claiming that siesta is a masking indicator of metabolic abnormalities and should be further investigated (34) .
Limitations
This is a cross-sectional survey and therefore lacks the ability to identify causal relationships. Although the MEDIS study utilized a comprehensive approach for the CVD risk factors, it was not a study that has been exclusively designed to address the psychosocial CV determinants. The measurements have been performed only on a single occasion and may be prone to measurement errors, but this methodology is commonly used worldwide, making the results comparable to other studies. Several lifestyle parameters such as socializing (frequency and with whom), siesta (daytime sleeping) habit and number of excursions per year are prone to seasonal variability, however, the participants were asked to recall the most representative information via guided conversation with trained personnel.
Conclusions
Frequent socializing and a rural residential environment were linked to lower odds of an increased CVD risk factors' presence among elderly living in the Mediterranean basin, whilst midday sleeping (siesta) and depression were associated with higher odds. Holistic lifestyle assessment among elderly individuals should become an essential part of a new approach in geriatric clinical practice, to reduce the burden of CVD in this high-risk population. Moreover, in line with current active and healthy ageing international and national strategies (35) , community-based campaigns and multi-stakeholder public policies should continue to be implemented and strengthened to encourage and facilitate positive lifestyle choices and behaviors, as well as increase social engagement, among the elderly.
